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1. INTRODUCTION

The purpose of this paper is to examine
the long term operational preservation of
one facet of our engineering heritage:
rallways. There are over 20 primarily
volunteer operated preserved railway or
main line locomotive/reolling stock groups
in Australia today. They have restored to
running condition at least 50 steam loco-
motives and many carriages with which to
cperate their trains. Their responsibili-
ty extends to many kilometres of track,
numerous structures including wooden,
steel and concrete bridges. The paper
concentrates primarily on the more wvisible

item, the rolling stock, but the infra-
structure necessary to demonstrate our
heritage in an operational mode, is just

as important.

To maintain all this hardware in a safe
operable condition, reguires a lot of
manual work and knowledge on how to do it.
This knowledge element is what I have
called the software component. Without
the preservation of this software, the
hardware will not survive in an coperating
condition for future generations. I be-
lieve it only can be properly represented
and interpreted when it is in its fully
cperatiocnal status.

From a heritage viewpoint, the hardware
aspect o©f our railways has been well
record- ed, but the software not so well.
The methods of maintenance have ocften been

lost with the passage of time. Some or-
ganisations have built up libraries of
drawings, manuals, practice cards etc.

Others have not, relying on the knowledge
of others, a few old drawings or a general
knowledge of how te do the job.

We are seeing other examples of engineer-
ing heritage being preserved in an oper-
able condition. My comments apply egually
to these examples.

The passing on of knowledge from thq 0ld
retired hands to the new young enthuslasts
is often inadedquate. The enthusiast him-
self can range from a prefessicnal or an
experienced tradesman from another £ield,
toe a person with little or no technical
training. This transfer of knowledge re-
quires a shared willingness between both
parties. Otherwise it means research of
old documentation,
know about the job.

or find scmeone who may |
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Technical and safety reguirements are con-
stantly changing., The introduction of new
laws or standards often leads to confliict
with traditional standards or operating
practices. This places pressure on the
railway preservationist to find different
seolutions to enable of railway operation
to continue without greatly changing the
heritage enviromment. New methods of con-
struction and materials on the other hand
allow for work that could not easily be
done in the past.

2. BOME OF THE PROBLEMS

The types of problems that can be £found
and their soluticons vary widely. They
vary from pcor practices or shortcuts in
the past to a virtual complete loss of the
method for doing the work. Solutions ad-
opted are dependent upen the physical wor-

king conditicns, abilities, and the oper-
ational regquirements o©of the particular
railway. The physical achievement of the

restoration of the hardware so far carried
out is an indicatien of the dedication of
the workers. They are mostly wvolunteers,
who 1learn or apply their skills in new
fields. Often this work is done in the
open, If the workers are lucky enough to
be able to work undercover, it is seldom
within a formal workshoo envircnment. The
restoration of D34 §39, Spirit of Ballarat,
in 1984 is an example of such a restora-
tien.

Towards the last days of steam locomotive
working, poor maintenance practices or
shortcuts becams the norm. The object was
to get the locomotive back into service.
hnyway, it only had a few more months to
go before it was to be withdrawn and cut

up.

Steamrail, who operate main line trains
out of Melbourne have come across many of
these. An example is the fire box stress
corrosion resulting from a speedy overhaul
in 1964 of iccometive R761 for a bumper
wheat season. This was the last time many
such locomotives saw regular service. R761
entered service again in 1985, after
having run as preserved engine from 1570
to 1974. The lack of experience and abil-
ity to check or limit such corrosion, has
now resulted in the lower secticn of the
fire box needing major repairs(l}.

the boller would have
Steamrail do

In the old days,
been taken off the frames.



not vyet have the facilities to do this,
and the work will be carried cut in situ,
thus increasing the difficulty of the job.
In the past few years, the group has de-
veloped the techniques to do such repairs.
Just to determine the size of the §ob and
prepare the locomotive for this work has
taken over 600 hours.

Today's irregular operations cause prob-
lems too. When in regular service, loco-
motives were generally hot or at least
warm almast continuously. Now when they
are steamed only every so0 often, the cye-
lic heating and cooling results in a dif-
ferent range of problems, requiring de-
;ailed maintenance and freguent inspect-
1Cn.

A different £field is the maintenance and
construction of wooden trestle bridges on
preserved railways. It may appear to be
very simple task to replace a pile. How-
ever, neatly fitting a new pile within the
cross heads s¢ the shoulders and not Jjust
the bolts are taking the lcad requires a
good skill in timber work and experience
in just how to do the job. Slipping in a
piece of timber about 400 mm in diameter,
weighing a couple of tons and onto a pre-
pared foundation into a bridge that may
st1ll have to allow for train running, is
not a simple task for amateurs.

While equipment such as backhoes can do
great things, it still requires a method
tor doing the job. There are only a few
people left in Victoria who can do the job
efficiently. Very little has been written
down about the actual methods. They have
been handed down from worker to worker.
Undertaking this work on a high bridge, or
working in an excavation today, is very
likely to require training in scaffolding
or shoring technigues, things unknown or
ignored in the past.

The VR maintained good practice cards for
locomotive maintenance, but for carriage
underframes, these were virtually non-ex-
istent. Fortunately some men spent their
own time watching and learning underframe
maintenance in the final days. This ne-
cessary skill could have become a lost
art. It is no use having a great locomo-
tive, but no comparable heritage carriages
for it to haul. Woodwork and roof mainte-
nance are other areas where one could
spend a lot of time examining problems
tao,

The maintenance of old skills is very im-
portant in being able to ensure that these
objects that reflect a past engineering
heritage continue to operate in the fut-
ure. One dying skill such as scraping and
fitting plain metal bearings is ne longer
taught to apprentices. Virtually all the
bearings on older leocomotives and car-
riages are of this type. Roller bearings
only appeared towards the ends of their
lives. Fitting a plain bearing for ser-
vice at speeds of 100 to 120 kph requi;es
skill, and knowledge of the whole running
gear assembly. The checks to this
assembly to ensure that it is not over-
stressed because another part is out of
adjustment or worn is just another element
of the necessary software.
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An example of a lost art is one that had
to be rediscovered by the Emerald Tourist
Railway Board. The ETRB is the operator
of Victoria‘'s Puffing Billy. Some years
ago, the railway had to renew the boilers
of some of its locomotives. Renewals were
done in steel, instead of the originally
built copper. &after installation of the
new bollers, a problem of leaking fire
tubes occurred. This became a major head-
ache. It was because of the excessive
stresses the tubes placed on the rear tube
plate due to their expansicn when in ser-
vice. This phencmenon did not occur in
the copper based boilers. To overcome
this problem required extensive research,

experimentation, and Etalking to retired
boiler makers. An old technigue known &as
‘prossering' was adopted. The technique

is to use an expanding segmented tcol to
place a ridge in the tube on the water
side of the tube plate. The ridge formed
around the exterior of the tube acts as a
shoulder that bears on the inside edge of
the tube plate. This prevents the Ctube
from moving outwards independent of the
tube plate{2).

Standards must be maintained to a level
required for their operational need. For
locomotives and rolling stock operating on
@ branch line, the quality of the work can
be lower than that required for main line,
high sustained speed operation.

The problem is to ensure that our railway
engineering heritage hardware will be able
to continue to operate into the future,
and not just for a few more years. It is
going to regquire a lot of work today, to
ensure that we preserve as much of the
software in its wvarious forms as we can.
The men who worked on this eguipment have
now virtually all retired and unfortunate-
ly passing on.

Another type of problem faced by oper-
ational preservation is the lack of tool-
ing to do a specific job, for example,
bering wvalve cylinders. In Victoria the
machines and tocling for this job were
scrapped. To carry this out commercially
could be prchibitive in cost. The toler-
ances over the length <f the wvalve cylin-
der are wvery small. Any large inaccura-
cies, will result in the locomotive not
performing. The solution is to make up a
bit of tooling for the job. A detailed
knowledge of how things can be done, and
what tolerances are required, is essent-
ial.

On the other hand, old tools never die;
they are often used in odd repair jobs. So
be careful in what you throw away.

Tocling and machines are all wvery well to
have. The knowledge cf how to use or to
set them up, and what the reguirements are
is important. In this way we will ensure
that we can maintain tour railway engin-
eering heritage in an operable condition.
It cannot be allowed to become just a sta-
tionary piece of machinery that can only
be interpreted by looking at it and touch-
ing it.



3. MODIFICATION OF EQUIPMENT AND ASSOCIAT-
ED HERITAGE ISSUES

In operational heritage preservation, the
acceptability from a purist point of view
of replacing materials, and making im-
provements or changes to the equipment
rresents dilemmas. However, better meth-
ods of carrving oub work are now avail-
able. Component replacement or one that
was a major job previcusly can now often
be avoided. For example, the improvement
in welding technology, has allowed boiler
and firebox repairs that could not have
been contemplated in the days of regular,
operation to be undertaken. Some people
have used the principle of keyhole surgery
to repair a main steam pipe deep within a
boiler. Previously its complete removal
for repair would have been reguired.

Making minor medifications to a locomotive
is often necessary to overcome design de-~
fects that were ignored in the past. An
example is a pocket where water sits in
the hoiler for long periods. The effect
of this was not significant in 'the good
old days'. Today it is, especially when
the locomotive gits idle for a long period
of time quietly corroding away.

Changes to the appearance of lecomotives
vary from making minor additions to the
equipment such as additional air lines to
run today's medern carriages to changing
the colour scheme. One example of the cha-
nging the appearance in a minor way is the
tender of former New Scouth  Wales
Government Railways locomotrive 3801. The
original had deteriorated te the point
where it had to be replaced. The sides
were originally of riveted construction,
but the replacement was welded. This re-
sulted in a smooth exterior surface. The
welding on of false lines of riveted heads
was considered, but it was decided not to
on cost grounds despite requests on heri-
tage grounds{3).

nll these can often bring comment of an
adverse nature from the purists. The most
important thing is to know what changes
have been made. One material replacement
that brings little adverse comment is that
of asbestos used in boiler lagging ete,
The work however, causes another set of
problems. :

Comnercial considerations of changes have
been taken into account too. Not doing a
job can cause an in-service failure, which
can be cemmercially costly. Puffing Billy
for example has reviewed and modified its
lubricating systems to ensure that mainte-
nance costs are kept to a minimum. They
are sometimes using plastic surfaces @n-
stead of metal to metal(2). Engineering.
ability with a commercial understanding of
the financial position coupled with the’
knowledge of the heritage issues is neces-.
sary. Again the software component is®
important.

4. HERITAGE POLICIES
Many of the railways lack a formal heri-

tage policy. I would comsider that some
. are still in the playing trains mode. They
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have not worked out where they stand in
terms of heritage and what they are trying
to achieve. ©On the other hand, many have,
and 3801 Limited is a gyood example. It
has restored to operating condition
several carriages to go with 3801, to
which some changes had to be made. Pro-
feasor John Glastonbury in a paper pre-
sented to the Railway Heritage Conference
in Sydney, said(3)

! a very sericus approach was tak-
en to the restoration of these herit-
age items, this approach was tempered
by the needs of present day engineer-

ing technolegies, railway operating
regquirements, costs and passenger
needs. The restoration project set

out to restore this heritage to work-
ing order, so that present day pass-
engers can savour the experience of
rail travel as it was 50 years ago.'’

We have a responsibility today to ensure
that we can keep our engineering heritage
in an operational condition long into the
future. This needs toc be done in many
ways, one of which is to ensure that there
is a pool of interested people in the fut-

ure. It may be all very well to have the
hardware, and the books, drawings etc. to
support it. To have no one interested in

undertaking it, is Jjust as bad. We must
be true to what we believe in for the fut-
ure. Prepare heritage policies, and in-
clude in the document s where the
information came from and why, so it forms
the basis of future understanding. It all
adds to the software component reguired to
enable the hardware to survive,

5. RECORDING THE SOFTWARE

The maintenance of written records, filing
systems, decumentation, drawings etc. is
very important. Today's computer equip-
ment and microfilming =allow this o be
done much more easily. bon't lose the
filing cabinet and make sure backup copies
are available. 01d textbooks, personal
papers or collections often provide imp-
ortant clues on how to do something.

Documentation is not segen as important by
many people. 'Let's get the job done now,

and then go on toe the next one’'. Doing
paperwork 1s not an enjoyable: task. The
lack of time and resources, such as docu-
mentation recording and organisation
skills particularly in a volunteer
organisation, is generally acute. The
enthusiastic kids of today are almost
without exception willing to learn. When

vou ask them the question; 'Will todays
equipment be operaticnal for wyour kids?',
they start to see the problems and see why
recording is needed.

It is important that what is done today in
maintenance, restoration and reconstruc-
tion is recorded. This will help at some
time in the future in finding out what was
done. It may offer a solution toc a prob-
lem that has been encountered unexpected-
ly, or just give the information on when
the component was last replaced or worked
on., The records will form ancther part of
the ongoing heritage of that piece of eg-
uipment .



6. TRAINING FOR THE FUTURE

Ancther form of the scoftware needed to
operate and maintain our engineering heri-
tage, is the worker himself, whether he is
the actual skilled tradesman or a know-
ledgeable person. He must know how to do
the work or to determine how ko soclve the
problem, and understand the heritage of
the piece of eguipment on which he 1is
working. A willingness to pass on his
knowledge is also essential.

Sometimes the old hands are not willing to
assist. The job is either too hard, or
too dirty. They are opften nct interested
in supervising either. Steamrail had to
bring people from the UK in 1982 to pro-
vide the supervision skills for retubing
their K class locomotive. They learnt
from these people how tce do the job, and
are now training new people.

One interesting problem for the future is
the cne resulting from the introduction of
metrics. Todays vyoungsters do not learn
imperial measurements. Can they add 7/16"
and 25/32" easily, and get the right an-
swer? It is 1 7/32".

It is the detailed knowledge of what can
be done today with materials combined with
a detailed knowledge of what the problem
is and understanding it, that is essent-
ial. Today's steam locomobive boiler mak-
er and fitter have te be a multiskilled
pecple. Many steam locometive organisa-
tions have trained their own apprentices
in the skills they reqguire, or have taken
on apprentices from outside industries to
enhance their skills (ETRB). This creates
a poel for the future of skill perscnnel,
some of whom will become the inspectors of
tomorrow’'s work to ensure safety require-
ments are being met.

7. CONCLUSIONS

As you will have seen, the range of prob-
lems that operators can encounter is vast.
To overcome these, an extensive knowledge
of how things were done in the days of
regular cperation is essential. This kno-
wledge ranges from the physical records,
to actual skills in carrying out the vari-
ous jobs. Without the maintenance of the
various forms of the software, we will not
be able to maintain our hardware. Train-
ing of our future maintainers in both the
old and new skills is ecssential.

In maintaining our hardware, many heritage
issues arisae. What changes are accept-
able, and how should things appear? This
requires that the operators have a good
knowledge of the cultural and engineering
heritage o©f their hardware and written
heritage policies. Another form aof the
software reguired.

The future of our operaticnal heritage
trains/museums will be dependent not only
upen the way today's operators establish a
structure to enable cperation,
preservation and conservation to be car-
ried out. But, on the way they present
and maintain cheir ‘'exhibits'’. Only by
understanding the need to preserve the
software will they be able to operate
their hardware. The maintenance of this
knowledge is essential. They will not
serve the future public in a proper man-
ner. There may be no tomorrow if this is
not done.
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SUMMARY To preserve engineering heritage equipment in an operational
condition regquires the preservation of the knowledge that built it and

maintained it too.

Many problems associated with the maintenance of

the operation of heritage railways and rallway vehicles are examined,

along with heritage,

preservation of this knowledge

recording and training for the future.
is

If the

not dene, then the long term

operation of these railways is doubtful.
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Diagram showing part of the end of the
plate and tubes, and how the ends of

tube have been beaded.

{Courtesy of Puffing Billy Preservation
Society}

Diagram showing Prosser's tube expander.
(Courtesy of Puffing Billy Preservation
Society)



